In search of the optimal process conditions of ammonia treatment for rice hulls and straw at the shorter duration and lower temperature possible without the use of special and expensive equipment in the field, the combined effects of ammonia concentration, temperature and duration were determined on the chemical composition and in vitro digestibility. Rice hulls were treated with 2.5, 5.0 and 10.0% of ammonia (by ammoniated rice hulls (ARH) were increased with the increment of ammonia concenaffected only the nitrogen content at the 5 and 10% ammonia treatment. The highest nitrogen recovery was observed in the ARH treated with 2
Rice straw and rice hulls are abundant by-products of the rice production and the problem of disposal of these materials has plagued the rice industry for years. The potential use of the low quality roughages, such as rice straw and hulls, as animal feeds particularly is worthy of consideration in view of the fact that ruminants are uniquely adapted to utilize the cellulose in high fibrous materials. Even though these materials contain enough cellulose to make them a rich source of energy for the ruminants, they are a poor-quality feed in their natural states, because they have several shortcomings of low digestibility, low protein content, poor palatability and bulkiness.
Many studies have been conducted to improve the nutritive values and digestibility of these materials by chemical1-7) and physical8-10) treatments. Recently, these materials have been ammoniated with the intention of increasing their nutritive value3,6,11-13). In our previous reporth6), the ammoniated rice straw (ARS) and hulls (ARH) treated for a long term at ambient temperature showed the increased nitrogen tightly adsorbed into some fibrous constituents, the decreased cell wall constituent, and the increased in vitro dry matter disappearance (IVDMD) compared to those of the original materials. The present study was conducted to determine the combined ef- The sample of rice straw and two different kinds of rice hulls used in this experiment were obtained from rice plant classified as the early-ripening variety and cultured at Aomori Prefecture.
In experiment After treatment, samples were exposed to atomosphere for a few days to eliminate the excess ammonia and ground to pass the 1mm screen in a Wiley mill.
Proximate compositions of samples were analysed by the AOAC method14). Cell wall constituent (NDF) was determined by the method of VAN SOEST and WINE15), acid detergent fiber (ADF) by the method of VAN SOEST16) and lignin and cellulose in ADF were determined with permanganate17). IVDMD rate was estimated on 0.5g of substrate using 10ml of rumen liquor nitrogen content of supernatant was estimated by a pH meter and CONWAY'S method19), respectively. Triplicate samples were used in all estimations. Data were subjected to the analysis of variance and the significance of differences among treatment means was determined by the DUN-CAN'S multiple range test20).
Results and Discussion
Proximate analysis and content of fibrous materials of rice hulls treated with 4 graded levels of ammonia in experiment 1 are shown in Tables 1 and 2 , respectively. These values are represented as means of 9 estimates obtained from three different periods of treatments, since there are no differences within the period except for the crude protein which are shown in Table 3 .
Crude protein content increased with the increment of ammonia concentration for treatment and of duration in samples treated with 5 and 10% ammonia (P<0.01).
Crude fiber content was slightly increased with the ammonia treatment but the differences were not significant. NDF content significantly decreased with more than 5% level of ammonia concentration. The other com- Table 4 as the average of 9 estimates obtained from three different periods of treatments with the extra samples treated with 20% ammonia level. At 2.5% ammonia level the highest nitrogen recovery (37.4%) was observed and the value was gradually decreased with the increment of added ammonia. Adsorbed nitrogen content was almost similar in the 10% and 20% ammonia treatment. It appears that the nitrogen adsorption in rice hull is saturated at the 10% level of ammonia. The pH value and ammonia nitrogen content of supernatant and IVDMD after 48 hours incubation are shown in table 5. Ammonia concentration for treatment did not change the pH value but NH3-N content in culture medium of the 10% ammonia treated rice hulls was significantly higher than that in the untreated one (P<0.05).
IVDMD was increased with the ammonia treatment (P<0.01) and the value in ARH treated with 10% ammonia was about twice of that in the untreated rice hulls.
According to the result on nitrogen and NDF content, the recovery of nitrogen and IVDMD value of ARH in experiment 1, it is considered that the ammonia concentration for treatment and reaction time may be suitable to less than 5% of ammonia and shorter than 15 days of duration, respectively, if the reaction temperature is slightly higher than the ambient one, to make a val- under the combined conditions shown in Table 6 , and crude protein content, nitrogen recovery rate and IVDMD values were determined (Tables 6 and 7) .
Crude protein content of rice hulls was increased with the increment of the added ammonia and the increased amount by the treatment of 2.5 or 5.0% of ammonia concentration for 5 days in the culture medium increased even by the lowest conditions (1.0%, 5 days) for treatment, indicating that some of the adsorbed nitrogen was easily liberated from the substrate by the bacterial activity. IVDMD of the untreated rice hulls used in experiment 2 showed about one half of the value in experiment 1 and previous report6) and the value was markedly increased with the ammonia treatment. The duration (5 and 10 days) of treatment at 1.0% level of ammonia gave no effects on all the estimations at all. Maximum recovery (about 50%) of the adsorbed nitrogen was found in the substrate treated by 1.0% of ammonia and was decreased by the increment of ammonia level and these values were higher than that obtained in experiment 1 at the corresponding ammonia level for treatment. These results revealed the fact that the nutritive value of Crude protein contents and IVDMD values of ARS treated by more than 2.5% of ammonia nearly equivalent to the values observed in ARH treated for a long term at ambient temperatures6). Maximum recovery of nitrogen in the ARS was obtained by the 2.5% ammonia treatment and was rather lower than that in ARH suggesting the lower adsorption of nitrogen in rice straw compared to rice hull at the low level of ammonia for treatment.
It is considered that the increase of gaseous ammonia with the increased temperature exercises a favorable influence on the treatment. The results in this experiment have suggested if a sufficient nutritive value as roughage for ruminants are obtained by 2.5% of ammonia concentration in only 5 days.
